Abstract: At present, the technology of line inspection robot for overhead transmission lines in China and abroad is close to the practical stage. But there are still some problems, such as electromagnetic compatibility (EMC). In this paper, based on the 220kV, 500 kV, 1000 kV and other high voltage transmission lines, the electromagnetic environment of the high voltage and high current for the robot is calculated. The data of the electric field intensity and the magnetic field intensity of the high voltage transmission lines within 0.5m are calculated. The situation of electromagnetic interference (EMI) is analyzed. Furthermore, a variety of materials and methods of electromagnetic shielding are compared, and the methods of improving the electromagnetic compatibility of the inspection on robot are proposed, which can provide reference for the EMC design of the inspection robot.
Introduction
Inspection robot research began in the 20th century in the late 1980s; Japan, Canada, the United States and other developed countries have carried out research work for inspection robot. However, there are still some problems exist in the research of autonomous inspection robot, including mechanical structure, power supply, navigation and positioning technology and communications technology [1] . There are stepping motor drive, CMOS camera, control panel, external auxiliary circuits and communications equipment in the inspection robot. Under the environment of longterm work, the robot must be in the strong electromagnetic field. Nowadays, EMI and EMC problem is increasingly serious, and electromagnetic pollution is included in the fourth major public hazards. Therefore, The EMC is also required to take into account of the robot in the design. To eliminate the interference of potential risk in the radio communication and improve the operating system of radio communication, the EMC of the inspection robot is studied in detail in this paper, and the high intensity electromagnetic environment of 220kV, 500kV, 1000kV transmission line are calculated, the performance of various shielding materials and shielding methods are compared [2, 3] . Based on the calculation and comparison, the electromagnetic shielding mode of the robot shell is proposed [4] . The function frame of the electric system of the inspection robot is shown as figure1. 
The Calculation of Electric Field and Magnetic Field
Electromagnetic interference around the wire will directly affect the normal operation of the robot, so it is necessary to take into account the electromagnetic environment and the electromagnetic compatibility material of the robot shell [5] . The line inspection robot is suspended on the wire by the mechanical arm, so the working position of the inspection robot is where the distance from the wire 0.1m~0.5m. In the 220kV transmission line the electric field intensity calculated with the two The electric system of the line inspection robot
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International Forum on Energy, Environment and Sustainable Development (IFEESD 2016) bundled conductors, in the 500kV transmission line the electric field intensity calculated with the four bundled conductors, in the 1000kV transmission line the electric field intensity calculated with the eight bundled conductors. By using the method in reference [6] to solve the field strength generated by each phase wire, and then the three phase vector is superposed, the field strength value can be obtained. The curve of the electric field and magnetic field intensity transformation is drawn, as shown in figure 2 . The electric field intensity and the magnetic field intensity distribution curves of 220kV, 500kV and 1000kV were calculated respectively. The calculate result is shown in table 1 and table 2. The magnetic field in short circuit around the robot is calculated. Firstly, the maximum current that may occur on the transmission line is calculated, and then the maximum magnetic field can be calculated by the electromagnetic induction formula [7] .The line may be short circuit faults, resulting in a greater current, thereby generating a larger magnetic field. After consulting all kinds of documents [8] , 220kV, 500kV, 1000kV level transmission lines all may be the maximum shortcircuit current is about 50kA. The maximum magnetic field intensity is 2×10 -2 T, and the minimum magnetic field intensity is 2×10 -3 T under the condition of short circuit.
Electromagnetic Compatibility Configuration of Inspection Robot
The four methods of electromagnetic shielding are presented as follows.
(1) Anti-electromagnetic radiation fiber and mixed fiber fabric. Anti-electromagnetic radiation fiber and mixed fiber fabric are the material with excellent electromagnetic shielding function, which produced by weaving, knitting or nonwoven process, and it is the most flexible and effective processing method. The greater the density of the metal fiber in the fabric and the more the metal fiber is, the better the shielding effectiveness is. But when the distribution density reaches a certain degree, the shielding effectiveness decreased with the increase of the distribution density.
(2) Electromagnetic shielding material brushed on the surface. The surface conductive shielding materials are divided into two kinds of methods: conductive coating and metal cladding. Conductive coating is made of metal powder, carbon black and other conductive filler mixed with a variety of synthetic resin, coated on the surface of plastic. The metal cladding is through the metal spraying, vacuum plating gold method, cathode sputtering, non-electrolytic plating method of polymer insulation materials is obtained on the surface of a thin conductive metal layer, so as to Minimum  magnetic  field（μT）  220kV  2600  500  500kV  3500  700  1000kV 4000 800
achieve the purpose of electromagnetic shielding.
(3) Blend spinning. The inorganic particle or powder with electromagnetic shielding function is blended with the ordinary fiber section for spinning, which is called the blend spinning. It can be made with good conductive fiber, so that the fiber does not lose the original strength, extensibility, washing resistance and wear resistance.
(4) Filled composite shielding composite. The filled composite shielding composite is by the electrical insulation good synthetic resin and has excellent conductive properties of conductive fillers and other additives, the injection molding or extrusion molding and processing all kinds of electromagnetic shielding materials and products. The advantages and disadvantages of different shielding methods are shown as table 3. In the development of the industry, the industry has not been put into use.
Conductive coating Strong applicability, low cost, simple and practical, and can be mass produced.
Construction environment is relatively poor, the shielding effect is limited
Metal cladding Good shielding performance
The process is complex, subject to various conditions, the price is expensive
Blend spinning Low cost, long life, high reliability Shielding performance is not high, high frequency shielding performance will decline
Filled composite shielding composite
Having excellent electrical conductivity, high shielding effectiveness and good comprehensive performance.
Shielding reliability is not very high
From the above comparison of anti-electromagnetic radiation fiber and matrix fiber fabric method is still in the domestic research and development stage, no formal investment in industrial production, and therefore will not be used. Metal cladding method is complex, technical requirement and high cost, and the economic benefit of the shield shell of the robot is not good. Filled composite shielding composite method in the additive dispersion problems still need to be improved, so the shielding reliability is not high, inspection robot needs to endure for a long time, long-distance transmission line maintenance, so this way are not suitable. The cost of blend spinning and conductive coating are neither high, and both of the two methods have good Shielding effect. But in contrast, the conductive coating method is more simple and convenient, and it is recommended that the metal shell of the inspection robot is shielded by conductive coating method. Based on the above discussion, conductive coating method is used for electromagnetic shielding, for this need to paint a layer of shielding metal coating on the shell of the robot. The advantages and disadvantages of different shielding materials are shown as table 4. Through the comparison of the advantages and disadvantages of different materials, the copper layer is the lowest electromagnetic shielding cost, and easy to operate, suitable for the use of high voltage autonomous inspection robot. But the copper surface prepared will quickly form Cu 2 O and CuO films, which result in the electrical conductivity of this material decreased rapidly. Therefore, in the use of copper coating, it is necessary to use the anti-oxidation technology, such as additive reducing agent, to improve the stability of electromagnetic shielding.
Conclusions
The electric field intensity and magnetic field intensity are calculated. The maximum electric field intensity is 53kV/m, and the minimum electric field intensity is 5kV/m. The maximum magnetic field intensity is 4000μT, and the minimum magnetic field intensity is 500μT. The advantages and disadvantages of various shielding materials and methods are calculated and compared by using this data. It's found that the use of conductive coating with copper coating and adding anti-oxidation technology is the best method of electromagnetic shielding. This method is especially suitable for the electromagnetic shielding requirements of the autonomous inspection robot working on 220kV, 500kV and 1000kV voltage level. The method has the advantages of simple operation, strong practicability, low cost, long service life, high shielding reliability and excellent shielding effect, which provides a new method of the research on electromagnetic compatibility of the autonomous inspection robots for power transmission line.
